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I n f o r m a t i o n  P r o c e s s i n g  and S t o r a g e  i n  I n v e r t e b r a t e s  

As o u t l i n e d  i n  g r e a t e r  d e t a i l  i n  p r e v i o u s  r e p o r t s ,  o u r  g e n e r a l  aim i s  

to  i s o l a t e  t h e  n e u r a l  segments r e s p o n s i b l e  f o r  t h e  s t o r a g e  of i n f o r m a t i o n  i n  t h e  

Limulus and t h e n  perform a series of biochemical  a n a l y s e s  on t h e s e  segments.  To 

d e l i n e a t e  t h e  r e l e v a n t  t i s s u e  a combinat ion of  b e h a v i o r a l  and e l e c t r o p h y s i o l o g i c a l  

t e c h n i q u e s  are b e i n g  used. 

One p o r t i o n  of t h e  work which i s  n e a r i n g  comple t ion  is  t h e  d e t e r m i n a t i o n  

of whether  t h e  b i l a t e r a l  c e n t r a l  nervous system of t h e  horseshoe  c r a b  i s  a func-  

t i o n a l l y  " s p l i t "  system, e . g . ,  does i n f o r m a t i o n  t ransduced u n i l a t e r a l l y  i n v o l v e  

t h e  c e n t r a l  g a n g l i a  b i l a t e r a l l y ?  I f  n o t ,  i t  limits by 509& t h e  amount of t i s s u e  

which one must ana lyze .  Our h i s t o l o g y  has  i n d i c a t e d  t h a t  t h e  f o r e b r a i n  o f  t h e  

animal  i s  b i l o b e d  and t h a t  t h e s e  lobes  a r e  connected by a p o s t e r i o r  commissure. 

E l e c t r o p h y s i o l o g i c a l  r e c o r d i n g s  i n d i c a t e  t h a t  t h e  nerve  a c t i v i t y  r e s u l t i n g  from 

e x c i t a t i o n  of one l a t e ra l  eye  does  n o t  a l t e r  t h e  a c t i v i t y  i n  t h e  o p p o s i t e  lobe  

of t h e  f o r e b r a i n .  

h a b i t u a t e d  r e s p o n s e s  a r e  now almost  complete  and i n d i c a t e  t h a t  t h e r e  i s  no t r a n s -  

f e r  of informat ion .  

f l e x  o r  t o  t h e  l e g  movements e l i c i t e d  by l i g h t .  

i n  1 - 3 months. 

Behaviora l  s t u d i e s  which t es t  t h e  c r o s s - o p t i c  t r a n s f e r  of 

T h i s  h o l d s  t r u e  whether  one is d e a l i n g  w i t h  t h e  t e l s o n  re- 

These s t u d i e s  should  be completed 

The nerve  t i s s u e  of t h e  h a b i t u a t e d  an imals  is  b e i n g  stored 

f o r  e v e n t u a l  a n a l y s i s  a l o n g  w i t h  t i s s u e  from t r a i n e d  s u b j e c t s .  I 

The h a b i t u a t i o n  s t u d i e s  have y i e l d e d  some o t h e r  i n t e r e s t i n g  d a t a .  

E x c i t a t i o n  o f  t h e  l a t e ra l  eye a t  f i r s t  e l i c i t s  a g e n e r a l  "escape" r e a c t i o n  -- 
a l l  l e g s  scramble w i l d l y .  A f t e r  t h e  f i r s t  few h a b i t u a t i o n  t r i a l s ,  we observe  

t h a t  o n l y  c o n t r a l a t e r a l  l e g  r e f l e x e s  are e l i c i t e d  by t h e  l i g h t  s t i m u l u s .  The 

second,  t h i r d  and f o u r t h  l e g s  move up and o u t ,  t h e  p e t a l - l i k e  e n d i n g s  of t h e  

f i f t h  leg c l o s e  and t h e  f i f t h  l e g  f o l d s  up under t h e  animal .  As t h e  h a b i t u a t i o n  

t r ia l s  proceed ,  o n l y  t h e  f o u r t h  and f i f t h  l e g s  a l o n e  move when t h e  l i g h t  is 
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p r e s e n t e d .  

leg end ing  as most common. 

A f t e r  loo-300 h a b i t u a t i o n  t r i a l s  t h e  c l o s i n g  re f lex  of t h e  f i f t h  

There  appea r s  t o  be a h e i r a r c h y  of  r e sponses  -- 
d i f f e r e n t  r e f l e x e s  d rop  o u t  a t  d i f f e r e n t  times d u r i n g  t h e  c o u r s e  oE h a b i t u a t i o n .  

I f  we can isolate  t h e  areas o f  nerve t i s s u e  r e s p o n s i b l e  € o r  t h e  c o n t r o l  of  each  

appendage, we should e v e n t u a l l y  be a b l e  t o  s t u d y  b iochemica l ly  v a r i o u s  p o r t i o n s  

of the nervous  system w i t h i n  a s i n g l e  c r a b  when each  p o r t i o n  i s  a t  a d i f f e r e n t  

stage o f  h a b i t u a t i o n .  

So a s  to o b t a i n  as  muc!i b iochemica l  i n fo rma t ion  as p o s s i b l e  from t h e  

s t o r e d  t i s s u e ,  w e  are ex tend ing  our t echn iques  t o  i n c l u d e  l i p 0  p r o t e i n  a n a l y s e s  

as we11 as  RNA, DNA and p r o t e i n  tu rnove r  a s ses smen t s .  The n e u c l e i c  a c i d  extrac- 

t i o n  t echn iques  have been worked ou t  t o  ou r  s a t i s f a c t i o n .  

The p l a n a r i a n  r e s e a r c h  is p r o g r e s s i n g  s a t i s f a c t o r i l y  -- w e  are com- 

p l e t i n g  t h e  s t u d y  t o  de te rmine  i f  a d i s c r i m i n a t e d  r e sponse  su rv ived  r e g e n e r a t i o n .  

The r e s u l t s  t o  d a t e  are p o s i t i v e  and s c a t t e r e d  c o n t r o l  groups are i n  t h e  f i n a l  

stages.  Fol lowing  t h i s  s t u d y  w e  w i l l  proceed to  a s k  whether  a d i s c r i m i n a t i o n  can  

be t r a n s f e r r e d  v i a  a macromolecule -- we w i l l  a t t empt  t o  r e p l i c a t e  t h e  f i n d i n g  

o f  o t h e r s  t h a t  enhanced l e a r n i n g  occur s  i n  n a i v e  s u b j e c t s  i f  t h e y  are i n j e c t e d  

w i t h  a f r a c t i o n  c o n t a i n i n g  RNA obta ined  from t r a i n e d  an imals .  

I 



0 e . 

- 3 -  

In fo rma t ion  P r o c e s s i n g  by Humans 

(a) P e r i o d i c i t y  i n  Task S o l v i n g  

A t  t h e  t ime o f  t h e  l a s t  r e p o r t  w e  were concerned about  d a t a  which 

d i d  n o t  agree w i t h  p rev ious  r e s u l t s .  The problem w a s  found to  be i n  t h e  t iming  

a p p a r a t u s  and i t  was c o r r e c t e d .  

Two scanning  exper iments  have been conducted s i n c e  t h a t  t i m e .  I n  t h e  

f i r s t ,  B-1, 5600 responses  were obta ined  from each  of  f o u r  s u b j e c t s .  

power spec t rum a n a l y s e s  i n d i c a t e d  l i t t l e  p e r i o d i c i t y ,  and s p e c i f i c a l l y  no LOO-msec. 

p e r i o d i c i t y .  T h i s  i s  i n  d i r e c t  c o n t r a s t  t o  a l l  p r e v i o u s  exper iments  o f  t h i s  t y p e ,  

i n  which t h e  100-msec. peak i s  t h e  most pronounced. However, w e  had changed t h e  

expe r imen ta l  p rocedures  g r e a t l y  t o  pe rmi t  t h e  r a p i d  a c q u i s i t i o n  of  large numbers o f  

r e sponses .  

P r e l i m i n a r y  

The second exper iment ,  B - 2 ,  t e s t e d  t h e  e f f e c t  o f  one d e v i a t i o n  i n  pro-  

ceedure  -- t h e  t i m e  between t r i a l s .  Each of f i v e  subjec ts  f i r s t  gave 1120 r e s p o n s e s  

a t  a m a x i m u r n  r a te  (one t r i a l  every  f o u r  seconds) .  

jects  were t h e n  r e q u i r e d  t o  g i v e  1120 responses  i n  which t h e y  had t o  w a i t  a manda- 

t o r y  30 seconds between t r i a l s ,  approximating t h e  t i m e  between t r ia ls  of t h e  

earlier exper iments  where s t r o n g  100-msec. p e r i o d i c i t i e s  were ob ta ined .  

T h i s  d u p l i c a t e d  B-1. The sub- 

C u r r e n t l y ,  a complete  power-spectrum a n a l y s i s  o f  B - 1  i s  b e i n g  performed 

by  t h e  computer. T h i s  i n c l u d e s  e d i t i n g  bad data ,  c o n s t r u c t i n g  h i s tog rams ,  u s i n g  

t h e  Wallis  and Moore test  f o r  randomness on t h e  h i s tog rams ,  and forming t h e  needed 

au tocor re log rams  and power s p e c t r a  o f  t h e s e  h is tograms.  The e f f e c t  of  t h e  s t i m u l i  

form i s  a l s o  b e i n g  s t u d i e d .  B - 2  i s  be ing  r ead ied  f o r  t h e  same a n a l y s i s .  

F u t u r e  exper iments  depend on t h e  outcome of B-2. I f  p e r i o d i c i t y  i n  

s c a n n i n g  t u r n s  o u t  t o  be  a f u n c t i o n  of t h e  t i m e  between t r i a l s ,  i t  w i l l  be  neces-  

s a r y  t o  de te rmine  t h e  s p e c i f i c  n a t u r e  of  t h e  f u n c t i o n a l  dependence. Fur thermore ,  
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i f  t h e  d i f f e r e n c e  appears  a t  t h e  100-rnsec. peak, w e  w i l l  t e s t  c a r e f u l l y  t h e  p o s s i b l e  

h y p o t h e s i s  t h a t  o u r  observed p e r i o d i c i t y  i s  a s s o c i a t e d  w i t h  t h e  b r a i n  a l p h a  rhythm. 

(b) I f  t h e  redundancy o f  E n g l i s h  i s  n o t  c o n s i d e r e d ,  t h e  estimate of 

t h e  c a p a c i t y  at which humans can p r o c e s s  spoken E n g l i s h  is  from 3 to  'j t i m e s  

greater t h a n  t h e  e x p e r i m e n t a l l y  determined c a p a c i t y  a t  which humans perform a 

v a r i e t y  of o t h e r  s imple  t a s k s .  Our purpose i s  t o  d e t e r m i n e  t h e  redundancy of 

E n g l i s h  on t h e  word level ,  phonemic level,  and d i s t i n c t i v e  f e a t u r e  l eve l  i n  o r d e r  

t o  o b t a i n  an  estimate of  t h e  MINIMUM amount of  i n f o r m a t i o n  which a human must 

p r o c e s s  t o  comprehend spoken Engl ish.  

Our work c o n s i s t s  of s e v e r a l  d i s t i n c t  phases:  

1. Our o r i g i n a l  da t a  i s  c o l l e c t e d  on paper  t a p e  from t h e  UP1 TTS 

news wire. About 12,000,000 g r o s s  words have been c o l l e c t e d  t o  da te .  

2. The paper  t a p e  which i s  c o l l e c t e d  i s  e d i t e d  ( e - g . ,  s t o r y  headings ,  

t ra i lers ,  and o t h e r  n o n - t e x t u a l  messages are d e l e t e d ;  numbers are conver ted  t o  

t h e i r  w r i t t e n  form, t h a t  i s ,  2 becomes two; e t c . )  and p u t  o n t o  magnet ic  t a p e .  

Around 8,000,000 words have nm.7 been e d i t e d  and t r a n s f e r r e d  o n t o  magnet ic  tape.  

S i n c e  o u r  program r e q u i r e s  non-standardized o p e r a t i n g  procedure  f o r  t h e  MSU Com- 

p u t e r  C e n t e r ,  we have a modera te ly  l a r g e  backlog  of paper  t a p e  which should soon 

L- -.-A 4-z- 
UG ~ U L  uuLu I U ~ ~ ~ G ~ L I .  bay=:. 

3. S i n c e  we are mainly concerned w i t h  t h e  comprehension of spoken 

r a t h e r  t h a n  w r i t t e n  E n g l i s h ,  i t  i s  necessary  t o  p r e p a r e  a d i c t i o n a r y  c o n t a i n i n g  

t h e  phonemic t r a n s c r i p t i o n  
which occur  

of each  of t h e  30,OOO or so  d i f f e r e n t  words / in  o u r  

d a t a  sample.  To i d e n t i f y  and t a l l y  t h e  E n g l i s h  words which occur  i n  our  sample 

w e  use 8 d i f f e r e n t  programs. L a t e  l a s t  s p r i n g  w e  d i scovered  t h a t  t h e  t a l l i e s  of  

a p p r o x i m a t e l y  3,OOO,OOO words which hati so f a r  been done were i n  e r r o r .  T h i s  

n e c e s s i t a t e d  c o r r e c t i o n  of o u r  programs and r e t a l l y i n g  of our  ciata t a p e s .  
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sample of 2 5 , W w o r d s  and t h e i r  

r e s u l t s  agree w i t h  ta l l ies  done by a n o t h e r  method. 

sutmner n e c e s s i t a t e d  some e d i t i n g  of o u r  data t a p e s  and t r a n s f e r r i n g  t h e  d a t a  onto 

o t h e r  t a p e s .  Thus b o t h  mechanical  and programming d i f f i c u l t i e s  have de layed  work 

i n  this area. However, we now have a d i c t i o n a r y  of a b o u t  25,OOO d i f f e r e n t  words 

which have been phonemical ly  t r a n s l a t e d .  T h i s  w i l l  be  t h e  major  p a r t  of o u r  

d i c t i o n a r y  needed f o r  phonemic t r a n s l a t i o n  (see i t e m  4). We a n t i c i p a t e  t h a t  

program m o d i f i c a t i o n s  which have been made w i l l  minimize e a r l i e r  d i f f i c u l t i e s  i n  

t a l l y i n g  and p e r m i t  t a l l y i n g  of a l l  d a t a  t a p e s  i n  a s h o r t  p e r i o d  of t ime. 

The n e x t  phase  of  t h e  p r o j e c t  is  t o  p r e p a r e  a phonemic t r a n s l a t i o n  

Computer System changes t h i s  

4. 

o f  o u r  d a t a .  A program which is based on a d i c t i o n a r y  kook-up method h a s  been 

w r i t t e n  and t h e  main p a r t  of t h e  program i s  debugged and h a s  been checked on  a 

known, 2 5 , W  word  sample. 

p r o n u n c i a t i o n s  (e.g., read, t h e ,  etc.  ) have been w r i t t e n  and are debugged f o r  

a b o u t  h a l f  t h e  cases. 

and t e s t i n g  t h e s e  s u b r o u t i n e s  which w i l l  t h e n  be i n c o r p o r a t e d  i n t o  t h e  main 

t r a n s l a t i n g  program. 

Subrout ines  which t r a n s l a t e  words w i t h  m u l t i p l e  

W e  are c u r r e n t l y  involved i n  t h e  comple t ion  of debugging 

5.  I n  o r d e r  t o  c a l c u l a t e  t h e  redundancy a t  t h e  phonemic and a t  t h e  

d i s t i n c t i v e  f e a t u r e  level  i t  is necessary  t o  t a l l y  t h e  number of  o c c u r r e n c e s  

of e a c h  n-gram. 

d a t a  and t o  do a p a r t i a l  t a l l y  and p a r t i a l  sor t  of  t h e  grams formed h a s  been 

w r i t t e n ,  debugged, and t e s t e d .  By i n c o r p o r a t i n g  i n t o  t h i s  program a p a r t i a l  sor t  

and t a l l y  t h a t  u t i l i z e s  f u l l y  t h e  c o r e  memory of t h e  CDC 3600 computer,  w e  f i n d  

t h a t  t h e  o u t p u t  of grams i s  a f a c t o r  of about  two greater t h a n  

d a t a  r a t h e r  t h a n  a f a c t o r  of  5 g r e a t e r  as would be found w i t h  no p a r t i a l  s o r t i n g  

and t a l l y i n g .  The p a r t i a l  s o r t i n g  and t a l l y i n g  a t  t h i s  stage is n o t  o n l y  econom- 

A program t o  form 5 g a m s  from t h e  phonemic translatian of the 

t h e  o r i g i n a l  
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i c a l  of  computer time and magnet ic  t a p e  usage i n  subsequent  programs, b u t  is 

s u g g e s t i v e  of t h e  e x t e n t  of t h e  redundancy o f  Eng l i sh .  

6. The CDC system S$RT r o u t i n e  w i l l  be used t o  s o r t  t h e  p a r t i a l l y  

s o r t e d  and t a l l i e d  5-grams. 

debugged which w i l l  t a l l y  t h e  s o r t e d  5-grams, form t h e  4, 3, 2,  and 1 grams (from 

t h e  f i v e  grams), and t a l l y  t h e  latter. 

t h e  t a l l i e s  o f  t h e  5, 4, 3, 2, and 1 grams on t h e  phonemic l e v e l  i n t o  t a l l i es  of 

5, 4, 3, 2, and 1 grams a t  t h e  d i s t i n c t i v e  f e a t u r e  level. 

A program has  been w r i t t e n  and is c u r r e n t l y  b e i n g  

A program i s  be ing  w r i t t e n  t o  c o n v e r t  

7. The f i n a l  phase o f  t h e  p r o j e c t  is t o  use t h e  t a l l i e s  of t h e  

d i f f e r e n t  n grams (n = 1, 2, . 
of  o c c u r r e n c e  o f  each  n-gram and from t h i s  t o  c a l c u l a t e  

word, phonemic, and d i s t i n c t i v e  f e a t u r e  l e v e l s .  I n  comparison w i t h  t h e  earlier 

phases  of t h e  p r o j e c t ,  t h i s  l a s t  s t e p  i s  an e a s y  one and w i l l  r e q u i r e  a minimal 

amount of prograuming and computer time. 

. . 5)  i n  o r d e r  t o  c a l c u l a t e  t h e  p r o b a b i l i t y  

', -pilog2pi a t  t h e  
I ,  

Mew Per sonne l  

D r .  John I. Johnson jo ined  t h e  Biophys ics  Departmerlt ( j o i n t  a p p o i n t -  

A smal l  p o r t i o n  of h i s  work w i l l  f a l l  w i t h i n  t h i s  ment i n  Psychology)  i n  June. 

c o n t r a c t .  He r e c e i v e 6  h i s  Ph.D. from Purdue U n i v e r s i t y  i n  1957, w a s  A s s i s t a n t  

P r o f e s s o r  a t  Maraue t t e  U n i v e r s i t y  1957-60. S i n c e  t h a t  t i m e  he has  been a t  t h e  

U n i v e r s i t y  of  Wisconsin as a Research F e l l o v  i n  NeuroDhysiology and d u r i n g  t h e  

academic yea r  1964-54 was e t  t h e  Brain Research U a i t ,  Department of Phys io logy ,  

U n i v e r s i t y  of Sydney, A u s t r a l i a ,  as 2 F u l b r i g h t  Research Scho la r .  D r .  Johnson ' s  

r e s e a r c h  i n t e r e s t s  incluc'e e v o l u t i o n  of c e n t r a l  nervous a f f e r e n t  sys tems,  com- 

p a r a t i v e  neuroanatomy, and t h e  r e l a t i o n s h i p s  betwee- b e h a v i o r a l  s p e c i a l i z a t i o n s  
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